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ABSTRACT. Background: One decade after univer­
sal salt iodization in Iran, goiter prevalence, urinary 
iodine concentration (UIC) and thyroperoxidase anti­
body (TPOAb) values were assessed among school­
children in Gorgan, Iran. Methods: From 2003-2004, 
500 girls and 900 boys aged 7-11 yr were evaluated 
for goiter by palpation. UIC was measured in 183 
randomly-selected goitrous children. Serum TSH, 
T., and TPOAb were measured in 53 goitrous and 
30 non-goitrous children with adequate UIC. Re­
sults: Goiter was detected in 370 (26.4%) children. 
Goiter was present in 31% of girls and 17% of boys 
age 9 (p<0.012); 37% of girls and 20% of boys age 
10 (p<0.003); and 52%of girls and 19%of boys age 
11 (p<0.0001 ). Median (range) UIC for all goitrous 
children sampled was 190 (20-600) µg/I; 220 (30­
590) in boys and 170 (20-600) in girls (p=0.001 ). 
Eight point seven percent of goitrous children and 
22% of goitrous girls aged 10-11 had UIC<100 µg/I, 
while 47% of the goitrous children had UIU.200 µg/ 
I. TPOAb was present in 52.8% of goitrous children 
and 10% of non-goitrous children (p=0.0001 ). TPO­
Ab was present in 53.9% of 10-11 and 22.7%of 7-9 
yr old goitrous and non-goitrous children (p=0.003) 
with adequate UIC. Median (range) TSH was 2.9 
(0.3-10.9) mlU/I in TPO-positive and 1.8 (0.5-4.1) 
in TPO-negative children (p=0.001 ). Conclusions: 
Gorgan, Iran, is an iodine-sufficient area and almost 
halfof schoolchildren have more than adequate UIC. 
TPOAb is associated with endemic goiter. Despite 
sufficient UIC overall, some school-aged girls remain 
at risk of iodine deficiency. 
(J. Endocrinol. Invest. 28: 727-733, 2005) 
©2oos, Editrice Kurtis 
INTRODUCTION 
The term "iodine deficiency disorders" emphasizes 
the wide spectrum of consequences of iodine defi­
ciency, from simple goiter to cretinism (1). Iodine is 
essential for thyroid hormone synthesis and, conse­
quently, for the regulation of cell metabolism and 
for growth, especially of the brain during fetal and 
early post-natal life (2). In the last decade, iodine de­
ficiency has been recognized as the most common 
preventable cause of mental retardation worldwide 
(3). Worldwide, 2.2 billion people (38% of the world's 
population) are at risk of iodine deficiency and 740 
million (13%) have goiter. The progress toward 
correction of iodine deficiency globally in the past 
decade is a public health triumph unprecedented 
in the field of non-infectious disorders (4). Although 
acute supplementation of iodine in iodine-deficient 
areas has occasionally been associated with iodine­
induced hyperthyroidism (5-7) and autoimmune 
thyroiditis (8), the benefits of correcting iodine defi­
ciency far outweigh the risks (9, 10). 
The prevalence of goiter in Iran ranged from 10-60% 
in 1968 (11). Because 20 million people were at risk 
of iodine deficiency, mandatory iodization of all salt 
for household use was legislated in 1994. A 1996 
comprehensive national assessment of goiter preva­
lence and urinary iodine concentration (U IC) demon­
strated adequate iodine intake among school-aged 
children in 26 provinces (12). Iran has recently been 
declared an iodine sufficient area (13). However, 
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goiter remained endemic in all provinces in 1996, 
and was present in > 40% of children in 20 provinces 
(12). Subclinical hypothyroidism was present in 2.2% 
of 1400 adults in Tehran in 1999-2000, and subclini­
cal hyperthyroidism was present in 0.42% (14). Posi­
tive thyroid peroxidase (TPO) and thyroglobulin an­
tibody levels were present in 12.5 and 16.8% of this 
population, respectively. No information is available 
about the prevalence of thyroid antibodies in Iran 
prior to iodine supplementation. 

Gargan, a city in northern Iran previously governed 

by Mazandaran Province, has been a part of Golestan 
Province since 1997. The present study was conduct­
ed to determine goiter prevalence among Gargan 
schoolchildren, to determine UIC values in those with 
goiter, and to assess whether elevated TPO antibody 
(TPOAb) levels were more common among school­
children with goiter than those without goiter. 
MATERIALS AND METHODS 
Goiter prevalence and U/C measurement 
Subjects 
All schools belong to 1 of 2 major educational districts in Gar­
gan. From April to June 2003, a total of 1400 (800from district 
1 and 600 from district 2) children aged 7-11 yr were recruited 
from 12 randomly-selected schools in different areas of Gargan. 
The sampling strategy was designed to reflect the distribution of 
children in each district (15). All procedures fol lowed were in ac­
cordance with the ethical methods of the institutional committee 
on human experimentation. Written consent was obtained from 
parents and/or school authorities, where required. Efforts were 
made to ensure the presence of al I students at the time of clinical 
examination. 
Goiter grading 
Thyroid size was determined by palpation by a single experienced 
observer (H.R.B). Goiter size was graded as 0, 1, and 2 according 
to the WHO/UN ICEF/ICCIDD classification (15). 
Urine samples and laboratory methods 
Spot morning urine samples were obtained from 183 randomly­
selected children with goiter. UIC was measured using the Sand­
ell-Kolthoff method (16-18). Results were categorized as follows: 
mild iodine deficiency, 50-99 µg/I; moderate iodine deficiency, 
20-49 µg/I; and severe iodine deficiency, <20 µg/I. Values be­
tween 100-199, 200-299, and ;;.300 µg/I were considered as 
adequate, more than adequate, and excessive iodine intakes, 
respectively (19, 20). 
Assessment ofTPOAb and thyroid function tests 
Subjects 
A case-control study was performed to assess the association be­
tween goiter and TPOAb levels. Blood and repeat urine samples 
were obtained from all goitrous children identified in the larger 
study who had adequate UIC values (100-199 µg/I). Blood and 
urine samples were also obtained from eligible goitrous children 
from other city schools. From these children, a subgroup of 53 
children with both goiter and adequate UIC levels was selected 
to serve as the cases. Children with low or excessive UIC values 
(15) were specifically excluded from th is subgroup. Children with 
thyroid pain, recent viral infections, diabetes mellitus and other 
systemic disorders, anemia, or a history of thyroid-affecting drug 
consumption during the previous 2 months were also excluded. 
Thirty healthy age, sex, weight, and height-matched non-goitrous 
controls with adequate UIC were consecutively recruited with pa­
rental permission. 
Laboratory methods 
Serum TSH, T 4 , and TPOAb levels were measured using the ELISA 
method (DRG Diagnostics, USA). Normal TSH values in children 
aged 6-15 yr were 0.7-5.7 mlU/I. Normal T4 values in children 
aged 6-10 and 11-15 yr were 82-171 and 71-151 nmol/I, respec­
tively (21). TPOAb levels >75 IU/ml were considered abnormal 
(positive). 
Statistical analyses 
The children were divided into older (10-11 yr) and younger (7-9 
yr) age groups (22). Categorical variables were assessed using 
z2 and Fisher's exact tests. Student's t, Mann-Whitney U, and 
Kruskal-Wall is analysis of variance (AN OVA) tests were employed 
for continuous variables. SPSS software package 9.05 (SPSS Inc., 
Chicago, IL) was used for the statistical analyses. p values <0.05 
were considered significant. 
RESULTS 
Goiter prevalence and UIC values 
Goiter prevalence by school district 
The gender distribution in district 1 (300 girls and 
500 boys) was similar to that in district 2 (200 girls 
and 400 boys; p~0.12). Goiter was detectable 
by palpation in 370 children (26.4%). Goiter was 
detected in 196 (24.5%) and 174 (29%) children in 
districts 1and2, respectively(p~0.08). Grade 1 goit­
ers were present in 173 (21.6%) children from district 
1 and 148 (24.7%) from district 2; grade 2 goiters 
were present in 23 (2.9%) children in district 1 and in 
26 (4.3%) in district 2 (p~0.45). Goiter was detected 
in 97 girls (32.3%) from district 1 and 76 girls (38%) 
from district 2 (p~0.23). Goiter was present in 99 
boys (19.8%) from district 1 and 98 boys (24.5%) 
from district 2 (p~0.11). 
Goiter prevalence by sex 
Goiter was detected in 173 (34.6%) of 500 girls and 
197 (21.9%) of 900 boys. The prevalence of goiter 
was higher in girls than in boys in both districts 
(p<0.001). Table 1 shows goiter grades for all sub­
jects by age group and sex. 
Goiter prevalence by age group and sex 
The prevalence of goiter was higher in older than in 
younger girls [p~0.0002; odds ratio 2.1, 95% confi­
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Table 1 - Prevalence ofgoiter among schoolchildren, Gargan, Iran 2003-2004. 
Goiter grade by palpation Girls by age group 
no.(%) 
10-11 yr 7-9yr 
Not palpable 111 (S6) 216(72) 
Grade 1 73 (37) 70(23) 
Grade 2 16(8) 14 (S) 
Total 200 300 
Boys by age group All children 
no.(%) 
10-11 yr 7-9 yr 
290(81) 413 (76) 1030(74) 
67 (19) 111 (21) 321 (23) 
3 (1) 16(3) 49(4) 
360 S40 1400 
dence interval (Cl) 1.4-3.0]. Goiter prevalence did not 
differ by age group in boys. There was no difference 
in goiter prevalence between the younger girls and 
the younger boys. However, among children age 10­
11, goiter prevalence was higher in girls than in boys 
(p<0.0001; odds ratio 3.3, 95% Cl 2.27-4.87). 
UIC values 
Iodine concentration was assayed in urine samples 
from the 183 children with thyroid enlargement 
(Tables 2 and 3). The median UIC in all children with 
goiter was 190 µg/I. The median UIC value was higher 
in boys (220 µg/I) than in girls (170 µg/I) (p~0.001). 
Median UIC did not vary by age group. UIC<50 and 
<100 µg/I were present in 4 (2.2%) and 16 (8.7%) of 
children, respectively. Among children with U IC ;,200 
µg/I, median UIC values did not differ by gender. 
Assessment of thyroid function and autoantibodies 
TPOAb 
In the case-control study, elevated TPOAb levels 
were present in 28 (52.8%) of the 53 children with 
goiter and in 3 (10%) of the 30 non-goitrous children 
(p~0.0001; odds ratio 10.1, 95% Cl 2.72-37.32) 
(Table 4). Elevated TPOAb levels were present in 
20 (76.9%) of those with grade 2 compared to 8 
(29.6%) with grade 1 goiters (p~0.001; odds ratio 
7.9, 95%CI 2.31-27.10). The prevalence of elevated 
TPOAb levels was also higher in children with grade 
2 goiters compared to the children without goiter 
(p<0.0001; odds ratio 30, 95% Cl 6.68-134.68). 
Among all children in the case-control study (in­
cluding children with and without goiters), 21 of 39 
(53.9%) 10-11 yr olds and 10 of 44 (22.7%) 7-9 yr olds 
had elevated TPOAb values (p~0.003; odds ratio 
3.97, 95%CI 1.54-10.21). Nineteen of 32 (59.4%) girls 
with goiter and 1 of 19 (5.3%) girls without goiter had 
elevated TPOAb values (p~0.0001; odds ratio 26.3, 
95%CI 3.12-222.19). Nine of 21 (42.9%) boys with 
goiter and 2 of 11 (18.2%) boys without goiter had 
positive TPOAb (p~0.25). The prevalence of elevated 
TPOAb levels did not differ between girls and boys. 
UIC values between 150-199 µg/I were present in 11 
(35.5%) of 31 TPOAb-positive and in 8 (15.4%) of 52 
TPOAb-negative subjects (p~0.035; odds ratio 3.0, 
95%CI 1.06-8.67). 
Thyroid function assessment 
Among the 83 children in whom thyroid function 
tests were obtained, the median (range) TSH values 
were 2.4 (0.3-10.9) mlU/I in the children with goiter 
and 1.7 (0.5-3.5) mlU/I in those without thyroid en­
largement (p~0.004). Serum TSH values were higher 
in children with grade 2 goiters 2.7 (0.3-10.9) mlU/I 
than in those with grade 1 goiters 1.8 (0.5-5.0) mlU/I 
(p~0.047). Children with grade 1 goiter and those 
without thyroid enlargement had similar TSH values 
(p~0.1). Median (range) serum TSH concentrations 
Table 2 - Prevalence of urine iodine concentration (UIC) levels by age group and sex among schoolchildren with goiter, Gargan, 
Iran 2003-2004. 
UIC (µg/I) Girls by age gr
no.(%) 
oup Boys by age gr
no.(%) 
oup All children 
<100(1ow) 
10-11 yr 
9(22) 
7-9yr 
s (8) 
10-11 yr 
0(0) 
7-9 yr 
2 (4) 16(9) 
100-199 (adequate) 1S (37) 33 (SS) 11 (42) 22 (39) 81 (44) 
>200 (h;gh) 17 (41) 22 (37) 1S (S8) 32 (S7) 86(47) 
Total 41 60 26 S6 183 
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Table 3 - Prevalence of urine iodine concentration (UIC) levels by with low serum TSH values (range 0.3-0.5 mlU/I) had 
goiter grade among schoolchildren with goiter, Gargan, Iran 2003­ normal T4 values (range 105-155 nmol/I). 2004. Abnormal (elevated or low) TSH levels were present in 
UIC (µg/I) Goiter grade All children with 7 (22.6%) of 31 TPOAb positive and in 1 (1.9%) of 52 
no.(%) goiter TPOAb negative children (p~0.004; odds ratio 14.9, 
95% Cl: 1.73-127.79). There were 3 girls with elevated 2 
serum TSH values, all aged 8-10 yr with grade 2 goit­
<100(1ow) 13 (7) 3 (2) 16(9) 
ers. TSH and T4 values were 6.2 mU/I and 51 nmol/I 
100-199 74 (40) 7 (4) 81 (44) in the first, 8.0 mU/I and 107nmol/I in the second, and 
(adequate) 10.9 mU/I and 53 nmol/I in the third case. All 3 girls 
>200 (h;gh) 	 80(44) 6(3) 86(47) complained of fatigue and dry skin; the 2 girls with low 
T4 values also complained of constipation. Three girls Total 167 16 183 (2 with grade 2 goiter and 1 without goiter) and 2 boys 
(one with grade 1 and 1 with grade 2 goiter) had low 
serum TSH values (between 0.3-0.5 mU/I), but all had 
were 2.9 (0.3-10. 9) mlU/I in the children with positive normal T4 values (range 105-155 nmol/I). None of these 
TPOAb and 1.8 (0.5-4.1) mlU/I in those with nega­ children had a known family history of autoimmune thy­
tive TPOAb (p~0.001). Median (range) serum TSH roid disorders. 
concentrations were 2.1 (0.4-10.9) mlU/I in older and 
1.7 (0.25-6.2) mlU/I in younger children (p~0.004). DISCUSSIONNo difference was found in serum TSH values be­
tween girls and boys among children with (p~0.27) In 1996, following universal salt iodization in Iran, a na­
or without goiter (p~1.0). Mean serum T4 values tional survey demonstrated that endemic goiter per­
were similar in the children with and without thyroid sisted among schoolchildren despite the presence of 
enlargement (110±29 vs 107±9 nmol/I; p~0.48). sufficient U IC values (12). This was assumed to be due 
The prevalence of elevated serum TSH values did to residual goiter from the previous period of iodine 
not differ between goitrous and non-goitrous chil­ deficiency (23). By the yr 2003, iodized salt had been 
dren (p~0.29). Two (4.1 %) of the children with grade consumed for nearly a decade in Iran and it was antici­
2 goiter had elevated serum TSH (6.2 and 10. 9 mlU/ pated that goiter prevalence would be reduced. 
I) and low serum T4 (51 and 53 nmol/I) values. All 5 The present study demonstrates that, despite ade­
children (4 with thyroid enlargement and 1 without) quate UIC values, palpable goiter remains endemic 
Table 4 Thyroid function and thyroperoxidase antibodies (TPOAb) in children with and without goiter. 
Children with goiter Children without goiter p-value 
No. 	 53 30 
Female (no.,%) 	 32 (60%) 19(63%) 0.79 
Grade 0 goiter 	 0 30(100%) 
Grade 1 goiter 	 27 (51%) 0 
Grade 2 goiter 	 26(49%) 0 
Age(yr; mean±SD) 	 9.4±1.3 9.1 ±1.3 0.30 
Height (cm; mean±SD) 	 130±8.3 128±6.3 0.33 
Weight (kg; mean±SD) 	 28.0±6.9 26.7±5.2 0.38 
UIC (µg/I; median, range) 	 120 I 100-1801 130 (100-180) 0.16 
TSH (mU/I; median, range) 	 2.4 (0.3-10.9) 1.7 (0.5-3.5) 
T4 (nmol/I; mean±SD) 	 110±29 107±9 0.48 
TPOAb (no.,%) 	 28(52.8%) 3 (10%) 0.0001 
TPOAbtiter 150(9-870) 37.5(6.7-130) <0.0001 
(U/ml; median, range) 
U IC: urinary iodine con cent ration. 
0.004 
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in Gargan, particularly among girls. Universal salt io­
dization in Iran has resulted in higher-than-adequate 
iodine intake in 38.6% of goitrous girls and 57.3% 
of goitrous boys. Despite iodine sufficiency in the 
overall population, low UIC was present in 22% of 
goitrous girls 10-11 yr of age. Among children with 
adequate iodine intake, children with goiter were 
more likely to have elevated serum TPOAb levels 
than non-goitrous children. Endemic goiter has been 
associated with the presence of thyroid antibodies 
in some, but not all, previous reports (24, 25). The 
present study suggests that autoimmunity may play 
a role in the etiology of endemic goiter in Gargan. 
Goiter prevalence in the present study was lower 
than that reported in Mazandaran Province in 1994 
(54%) (12), but much higher than the <5% expected 
in an iodine-replete area (23). The presence of goiter 
was not due to ongoing iodine deficiency, as UIC val­
ues were adequate (15, 26). The high prevalence of 
goiter in children despite dietary iodine sufficiency 
suggests that evaluation for dietary goitrogens and 
for pre-existing and iodine-induced autoimmunity, 
as done in India (27), may be warranted. The greater 
sensitivity and decreased specificity and precision 
(28) of World Health Organization (WHO)'s 1994 
(15) as compared to the 1960 (29, 30) goiter clas­
sifications may have contributed to an overestima­
tion of goiter prevalence in the present study (31). 
Ultrasonographic measurements would have been 
more precise (32-34), but ultrasonography was not 
available for a survey of these children. 
In the present study, goiter prevalence was signifi­
cantly higher among girls age 10-11 yr than among 
girls age 7-9 yr. The higher prevalence of goiter in 
older girls could be explained as a residual effect of 
iodine deficiency in utero and/or in early life; these 
girls were born just around the time that universal 
iodine supplementation was enacted. Alternatively, 
there might be an increased need for iodine in pu­
bertal girls, making older girls more prone to iodine 
deficiency. Particularly high goiter rates have been 
previously reported among adolescent girls in io­
dine-deficient areas (20). In iodine-replete areas, 
greater thyroid size (35) and lower UIC values (36) 
have been previously reported among girls during 
early adolescence. It is known that growth factors 
and sex steroids influence thyroid growth at puberty, 
with a maximum growth rate at 12.5 yr of age (37). 
Goiter was 1.9 times more frequent in girls than in 
boys. In addition, it was noted that low UIC values 
in older girls were significantly more frequent than 
in older boys. This could result from lower dietary 
iodine intake (35) and/or higher goitrogen intake, 
greater susceptibility to goitrogens, or the earlier 
initiation of pubertal changes (38) and growth spurt 
(39) in girls. Further studies are warranted. Whatever 
the cause(s), some early adolescent girls in Gargan 
are at risk of iodine deficiency, despite salt iodization, 
and may require additional iodine supplementation 
via multivitamin preparations (40). 
Elevated UIC values were present in 47% of the goi­
trous children. Because random morning urine col­
lections may sample UIC at its nadir (41), it is prob­
able that UIC values were even higher during other 
hours of the day. Boys had significantly higher iodine 
intakes than girls, possibly reflecting differences in 
dietary patterns (35). The nature of these dietary dif­
ferences is unknown, although it is suspected that 
boys eat more salty snack food than girls. The lack 
of U IC measurements in non-goitrous children in the 
present study precluded the assessment of an asso­
ciation between high UIC levels and the occurrence 
of goiter in the children studied. 
To assess whether endemic goiter in Gargan is a non­
autoimmune residual effect of previous iodine defi­
ciency, or whether it is associated with autoimmunity 
(42), a case-control subgroup study was conducted. 
Even among children with adequate iodine intake, 
elevated TPOAb were observed in 52.8% of the goi­
trous children (76.9%grade 2 and 29.6%grade 1goit­
ers). The odds for the presence of elevated TPOAb 
levels were 10 times higher in the goitrous than in the 
non-goitrous children. Therefore, it seems thatthyroid 
autoimmunity could be a cause of endemic goiter in 
Gargan schoolchildren. A high prevalence ofTPOAb 
positivity has also been observed among goitrous 
children and adolescents following iodine supple­
mentation in Germany and Azerbaijan (43, 44). 
Children with UIC values in the upper halfofthe recom­
mended range (150-199 µg/I) had a significantly higher 
prevalence of elevated TPOAb levels than children 
with UIC values in the lower half of the recommended 
range (100-149 µg/I). Therefore, it is possible that chil­
dren with excessive UIC (excluded in this study), might 
have even higher TPOAb concentrations. We plan a 
future study to determine the prevalence of goiter 
(by ultrasound) and of thyroid autoantibodies among 
schoolchildren with more varied UIC values. 
The occurrence of biochemical hypothyroidism (el­
evated TSH) was significantly higher in the TPOAb 
positive children than in the children without elevated 
TPOAb. The prevalence of hypothyroidism was much 
lower than that observed in German schoolchildren 
following iodine supplementation, where 15 and 26% 
of the subjects had hypothyroidism and hyperthyro­
tropinemia, respectively(43). Although 7 children with 
palpable goiter and 1 child without goiter (9.6%) had 
a low serum TSH value, none of them had TSH values 
<0.1 mlU/I. Therefore, no children met criteria forsub­
clinical or overt hyperthyroidism. 
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In conclusion, Gargan is an iodine-sufficient area ac­
cording to UIC values. However, even after a decade 
of universal salt iodization in Iran, goiter remains 
endemic in this city. Although some older girls with 
goiter had low U IC, most of the goitrous children had 
high dietary iodine intake. TPOAb may contribute to 
the development of endemic goiter among school­
age children in Gargan, Iran. 
ACKNOWLEDGMENTS 
We thank the schoolchildren and their parents and teachers for 
their participation in the study. This study was supported partly 
by a research grant from Golestan University of Medical Sciences 
and partly by the Endocrine Research Center, Shaheed Beheshti 
University of Medical Sciences. 
REFERENCES 
1. 	 Hetzel BS. Iodine deficiency disorders (IDD) and their eradi­
cation. Lancet 1983, 2: 1126-9. 
2. 	 Delange F. Iodine deficiency as a cause of brain damage. 
Postgrad Med J 2001, 77: 217-20. 
3. 	 Hetzel BS. Eliminating iodine deficiency disorders-the role 
of the International Council in the global partnership. Bull 
World Health Organ 2002, 80: 410-3. 
4. 	 WHO, UNICEF, and ICCIDD. Progresstowardstheelimina­
tion of iodine deficiency disorders (IDD). Geneva: WHO 
publ. WHO/NHD/99.4. 1999, 1-33. 
5. 	 Connolly RJ, Vidor GI, Stewart JC. Increase in thyrotoxicosis 
in endemic goitre area after iodation of bread. Lancet 1970, 
L 500-2. 
6. 	 Todd CH, Allain T, Gama ZA, Hasler JA, Ndiweni M, Oken 
E. Increase in thyrotoxicosis associated with iodine supple­
ments in Zimbabwe. Lancet 1995, 346: 1563-4. 
7. 	 Bourdoux PP, Ermans AM, Mukalay wa mukalay A, Filetti 
S, Vigneri R. Iodine-induced thyrotoxicosis in Kivu, Zaire. 
Lancet 1996, 347: 552-3. 
8. 	 Harach HR, Escalante DA, Day ES. Thyroid cancer and thy­
roiditis in Salta, Argentina: a 40-yr study in relation to iodine 
prophylaxis. Endocr Pathol 2002, 13: 175-81. 
9. 	 Braverman LE. Adequate iodine intake - the good far out­
weighs the bad. Eur J Endocrinol 1998, 139: 14-5. 
10. 	 Delange F. Risks and benefits of iodine supplementation. 
Lancet 1998, 351: 923-4. 
11. 	 Emami A, Shahbazi H, Sabzevari M, et al. Goiter in Iran. Am 
J Clin Nutr 1969, 22: 1584-8. 
12. 	 Azizi F, Sheikholeslam R, Hedayati M, et al. Sustainable 
control of iodine deficiency in Iran: beneficial results of the 
implementation of the mandatory law on salt iodization. J 
Endocrinol Invest 2002, 25: 409-13. 
13. 	 Regional meeting for the promotion of iodized salt in the 
Eastern Mediterranean, Middle East and North African Re­
gion, Dubai, United Arab Emirates, 10-21 April 2000. 
14. 	 Heydarian P, Azizi F. Thyroid dysfunction and autoantibodies 
10 years after implementation of universal salt iodization: 
Tehran Thyroid Study. Iran J Endocrinol Metab 2003, 4: 229­
41 [in Persian]. 
15. 	 WHO/UNICEF/ICCIDD. Assessment of the iodine defi­
ciency disorders and monitoring their elimination. A guide 
for programme managers, 2nd ed. Geneva: WHO publ. 
WHO/NHD/01.1; 2001, 1-107. 
16. 	 Dunn JT, Crutchfield HE, Gutekunst R, Dunn AD. Methods 
for measuring iodine in urine. Wagenigen, The Netherlands: 
ICCIDD; 1993, 1-71. 
17. 	 Follis RH Jr. Patterns of urinary iodine excretion in goitrous 
and nongoitrous areas. Am J Clin Nutr 1964, 14: 253-68. 
18. 	 Sandell EB, Kolthoff IM. Micro-determination of iodine by a 
catalytic method. Mikrochemica Acta 1937, 1: 9-25. 
19. 	 Delange F, Hetzel B. The iodine deficiency disorders. In: De­
Groot L, Hennemann G eds. Thyroid Disease Manager. http: 
//www.thyroidmanager.org. Revision 16 September 2004. 
20. 	 Delange F. Iodine deficiency. In: Braverman LE, Utiger RD 
eds. Werner and lngbar's The Thyroid: A fundamental and 
clinical text. 8th ed. Philadelphia: Lippincott Williams and 
Wilkins. 2000, 295-316. 
21. 	 Fisher DA. Physiological variations in thyroid hormones: 
physiological and pathophysiological considerations. Clin 
Chem 1996, 42: 135-9. 
22. 	 Needlman RD. Growth and development. In: Behrman RE, 
Kliegman RM, Jenson HB eds. Nelson Textbook of Pediat­
rics. 17th ed. Philadelphia: Saunders 2004, 23-66. 
23. 	 Hollowell JG, Hannon WH. Teratogen update: iodine defi­
ciency, a communityteratogen. Teratology 1997, 55: 389­
405. 
24. 	 Fenzi GF, Giani C, Ceccarelli P, et al. Role of autoimmune 
and familial factors in goiter prevalence: Studies performed 
in a moderately endemic area. J Endocrinol Invest 1986, 9: 
161-4. 
25. 	 Svinaryov M, Aranovich V. Iodine deficiency disorders in the 
Saratov province in Russia. J Endocrinol Invest 2003, 26: 16-9. 
26. 	 Delange F, de Benoist B, Burgi H, ICCIDDWorking Group. 
International Counci I for Control of Iodine Deficiency Disor­
ders. Determining median urinary iodine concentration that 
indicates adequate iodine intake at population level. Bull 
World Health Organ 2002, 80: 633-6. 
27. 	 Marwaha RK, Tandon N, Gupta N, Karak AK, Verma K, 
Kochupillai N. Residual goitre in the postiodization phase: 
iodine status, thiocyanate exposure and autoimmunity. Clin 
Endocrinol (Oxf) 2003, 59: 672-81. 
28. 	 Peterson S, Sanga A, Eklof H, et al. Classification of thyroid 
size by palpation and ultrasonography in field surveys. Lan­
cet 2000, 355: 106-10. 
29. 	 Perez C, Scrimshaw S, Munoz A. Technique of endemic 
goiter surveys. In: Endemic goiter. Geneva: WHO 1960, 
369-83. 
30. 	 DeMayer EM, Lowenstein FW, Thilly CH. The control of 
endemic goitre. Geneva: WHO 1979. 
31. 	 Vitti P, Martino E, Aghini-Lombardi F, et al. Thyroid volume 
measurement by ultrasound in children as a tool for the as­
sessment of mild iodine deficiency. J Clin Endocrinol Metab 
1994, 79; 600-3. 
732 
32. 	 WHO/UNICEF/ICCIDD. Indicators for assessing iodine de­
ficiency disorders and their control through salt iodization. 
WHO/NUT/94.6.Geneva: WHO 1994. 
33. 	 WHO/ICCIDD. Recommended normative values for thyroid 
volume in children aged b-15 years. Bull WHO 1997, 75: 95-7. 
34. 	 Delange F. Iodine deficiency in Europe anno 2002. Thyroid 
International 2002, 5: 1-20. 
35. 	 Wiersinga WM, Podoba J, Srbecky M, van Vessem M, van 
Beeren HC, Platvoet-Ter Schiphorst MC. A survey of iodine 
intake and thyroid volume in Dutch schoolchildren: refer­
ence values in an iodine-sufficient area and the effect of 
puberty. Eur J Endocrinol 2001, 144: 595-603. 
36. 	 Als C, Keller A, Minder C, Haldimann M, Gerber H. Age­
and gender-dependent urinary iodine concentrations in an 
area-covering population sample from the Bernese region 
in Switzerland. Eur J Endocrinol 2000, 143: 629-37. 
37. 	 FleuryY, Van MelleG, WoringerV, Gaillard RC, Partmann 
L. Sex-dependent variations and timing of thyroid growth 
during puberty. J Clin Endocrinol Metab 2001, 86: 750-4. 
38. 	 Clark PA, Rogol AD. Growth hormones and sex steroids 
interactions in puberty. Endocrinol Metab Clin North Am 
1996, b 665-81. 
Goiter in Iranian schoolchildren 
39. 	 Kreipe RE, Kodjo CM. Adolescent medicine. In: Behr­
man RE, Kliegman RM, eds. Nelson Essentials of Pediat­
rics, 4th ed. Philadelphia: W.B. Saunders Company 2002, 
251-95. 
40. 	 Dunn JT. Iodine should be routinely added to complemen­
tary foods. J N utr 2003, 133: 3008-1 OS. 
41. 	 AlsC, Helbling A, Peter K, Haldimann M, Zimmerli B, Gerber 
H. Urinary iodine concentration follows a circadian rhythm: 
a study with 3023 spot urine samples in adults and children. 
J Clin Endocrinol Metab2000, 85: 1367-9. 
42. 	 Weetman AP. Is endemic goiter an autoimmune disease? J 
Clin Endocrinol Metab 1994, 78: 1017-9. 
43. 	 Roth C, Scortea M, Stubbe P, et al. Autoimmunethyreoiditis 
in childhood--epidemiology, clinical and laboratory find­
ings in 61 patients. Exp Cl in Endocrinol Diabetes 1997, 105 
(Suppl 4), 66-9. 
44. 	 Markou KB, Georgopoulos NA, Makri M, et al. Improve­
ment of iodine deficiency after iodine supplementation 
in schoolchildren of Azerbaijan was accompanied by 
hypo and hyperthyrotropinemia and increased titre of 
thyroid autoantibodies. J Endocrinol Invest 2003; 26: 
43-8. 
733 

